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Abstract 

Introduction: Osteoporosis of the axial skeleton is a known complication of ankylosing spondylitis (AS), but bone 
loss affecting the peripheral skeleton is less studied. This study on volunnetric bone nnineral density (vBMD) and 
bone microarchitecture in AS was conducted to compare peripheral vBMD in AS patients with that in healthy 
controls, to study vBMD in axial compared with peripheral bone, and to explore the relation between vertebral 
fractures, spinal osteoproliferation, and peripheral bone microarchitecture and density. 

Methods: High-resolution peripheral quantitative computed tomography (HRpQCT) of ultradistal radius and tibia 
and QCT and dual-energy x-ray absorptiometry (DXA) of lumbar spine were performed in 69 male AS patients 
(NY criteria). Spinal radiographs were assessed for vertebral fractures and syndesmophyte formation (mSASSS). The 
HRpQCT measurements were compared with the measurements of healthy controls. 

Results: The AS patients had lower cortical vBMD in radius (P = 0.004) and lower trabecular vBMD in tibia 

(P = 0.033), than did the controls. Strong correlations were found between trabecular vBMD in lumbar spine, radius 

(rs = 0.762; P< 0.001), and tibia (rs = 0.712; P< 0.001). 

When compared with age-matched AS controls, patients with vertebral fractures had lower lumbar cortical vBMD 
(-22%; P= 0.019), lower cortical cross-sectional area in radius (-28.3%; P = 0.001) and tibia (-24.0%; P = 0.013), and 
thinner cortical bone in radius (-28.3%; P = 0.001) and tibia (-26.9%; P = 0.016). 

mSASSS correlated negatively with trabecular vBMD in lumbar spine (rs = -0.620; P< 0.001), radius (rs = -0.400; 
p = 0.001) and tibia (rs = -0.475; p< 0.001) and also with trabecular thickness in radius (rs = -0.528; P< 0.001) and 
tibia (rs = -0.488; P< 0.001). 

Adjusted for age, syndesmophytes were significantly associated with decreasing trabecular vBMD, but increasing 
cortical vBMD in lumbar spine, but not with increasing cortical thickness or density in peripheral bone. Estimated 
lumbar vBMD by DXA correlated with trabecular vBMD measured by QCT (rs = 0.636; P< 0.001). 

Conclusions: Lumbar osteoporosis, syndesmophytes, and vertebral fractures were associated with both lower 
vBMD and deteriorated microarchitecture in peripheral bone. The results indicate that trabecular bone loss is 
general, whereas osteoproliferation is local in AS. 
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Introduction 

Ankylosing spondylitis (AS) is a chronic inflammatory 
rheumatic disease predominantly afl'ecting the sacroiliac 
joints and the vertebral column. The disease often leads to 
the formation of spinal syndesmophytes and impaired 
back mobility, especially in male patients. Patients with 
AS have, in comparison with the general population, an 
increased risk of developing osteoporosis and fractures, 
especially vertebral fractures, but also other fractures, in- 
cluding hip fractures [1-6]. Male sex, old age, long disease 
duration, elevated inflammatory parameters, advanced 
chronic AS -related changes in the spine, and poor back 
mobility have been identified as risk factors for osteo- 
porosis and vertebral fractures [7-13]. The mechanisms 
behind inflammation, new-bone formation and osteopo- 
rosis in AS are incompletely understood. 

Measurements of lumbar area bone mineral density 
(aBMD) with dual-energy x-ray absorptiometry (DXA) in 
the anteroposterior (AP) projection are unreliable in AS, 
because of the spinal osteoproliferation [13-15]. Further- 
more, prospective studies of the general population have 
shown that aBMD identifies only 20% of men who will later 
sustain a fracture [16,17]. Bone strength depends partly on 
bone mineral content, but also on the bone geometry and 
microarchitecture of cortical and trabecular bone [18-20]. 
Quantitative computed tomography (QCT) has the advan- 
tage of assessing volumetric BMD (vBMD) in the lumbar 
spine in cortical and trabecular bone separately, without 
including areas of hyperostosis in the measurements [15]. 

The development of high-resolution peripheral quanti- 
tative computed tomography (HRpQCT) has enabled us 
to study bone in great detail, without the need of biopsies. 
Although several studies exist on osteoporosis in AS, the 
knowledge of the bone microarchitecture in the disease is 
still sparse. The evolving technique of HRpQCT offers 
new possibilities to study further the intricate association 
between new bone formation and osteoporosis in AS and 
also to follow up the effects of treatment for osteoporosis 
and inflammation on bone tissue. This is, to our best 
knowledge, the first study on bone microarchitecture in 
AS with HRpQCT. 

The aims of the present study were to (a) study peri- 
pheral vBMD in AS patients in comparison with healthy 
controls, (b) compare vBMD of trabecular and cortical 
bone in the axial and peripheral skeleton, (c) explore the 
relation between bone microarchitecture and presence of 
vertebral fractures and syndesmophytes, and (d) compare 
lumbar BMD measured with QCT and DXA in the AP 
and lateral projections. 

Methods 

Patients 

In total, 69 male AS patients who had been included in 
a larger study on osteoporosis in the west of Sweden 



were randomized in an age-adjusted algorithm also to 
take part in the current study on HRpQCT and QCT. 
All AS patients registered at the Rheumatology Clinic at 
Sahlgrenska University Hospital in Gothenburg, and the 
Rheumatology Clinics at Boras and Alingsas county hospi- 
tals had been invited to take part in the initial study. The 
inclusion of the 204 patients in the initial study has been 
described in detafl [13]. In summary, all included patients 
met the modified New York criteria for AS [21] .Exclusion 
criteria were psoriasis, inflammatory bowel disease, de- 
mentia, and difficulties in understanding Swedish. Written 
informed consent was obtained from all patients. The 
study was approved by the Regional Ethical Review Board 
in Gothenburg and carried out in accordance with the 
Helsinki declaration. 

Healthy controls 

The HRpQCT results regarding trabecular and cortical 
vBMD of the AS patients were compared with the results 
of a control group consisting of 68 healthy individuals 
measured with the same type of XtremeCT at the Mayo 
Clinic in Rochester, Olmsted County, Minnesota, USA. 
The healthy controls were matched for age, height, weight, 
and race. No control could be found for the youngest pa- 
tient, who thus was excluded from these calculations. 

High-resolution peripheral quantitative computed 
tomography 

Bone microarchitecture was examined by using an HRp- 
QCT device (XtremeCT; Scanco Medical AG, Briittisellen, 
Switzerland) in the nondominant ultradistal radius and 
tibia. The patients forearm and leg were immobilized in 
especially designed carbon-fiber shells (Scanco Medical) 
to prevent movement during the procedure. 

The quality of the measurements was assessed by using 
a 5 -point scale recommended by the manufacturer (1, ex- 
cellent; 2, good; 3, acceptable; 4, unacceptable; 5, poor). 
Only examinations with quality grades 1 through 3 were 
included in the study, whereas grades 4and 5 were 
excluded, mostly because of motion artefacts. Totally 12 
examinations of the radius had to be repeated because of 
to movement artifacts. Seven patients had measurements 
of the ultradistal radius with unacceptable quality and 
were thus excluded, whereas all tibia measurements were 
included. 

The volumes of interest (VOIs), 9-mm sections of radius 
and tibia, were examined in 110 parallel slices (voxel size, 
82 (im), generating a 3D representation of the bone. The 
first CT slices started 9.5 mm and 22.5 mm proximal to a 
reference line manually placed at the center of the end 
plate of the distal radius and tibia, respectively, and con- 
tinued proximally. 

The VOIs were automatically separated into a trabecular 
and a cortical region. With previously described data- 
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extracting procedures, the following parameters for the 
trabecular and cortical bone were obtained: trabecular 
volumetric BMD (DTrab; mg/cm^), trabecular bone vo- 
lume/total volume (BV/TV; %), trabecular number (TbN; 
per mm), trabecular thickness (TbTh; (im), trabecular 
separation or spacing (TbSp; (im), cortical volumetric 
BMD (DCort; mg/cm^), cortical bone cross-sectional 
area (CortCSA; mm^), cortical periosteal circumference 
(CortPm; mm), and cortical thickness (CortTh; (im) 
[22-26]. DTrab, DCort, TbN, CortCSA, and CortPm were 
measured directly, and the other parameters were derived. 

The coefficients of variation (CVs) for repeated mea- 
surements by using the XtremeCT apparatus in Gothen- 
burg ranged between 0.3% and 3.9% of the radius and 
from 0.1% to 1.6% of the tibia. The same device, soft- 
ware, and operator were used throughout the study. 

The software Autocontouring and Eval Crtx 6x soft- 
ware, provided by Scanco Incorporated in the manufac- 
turers Image Processing Language (IPL) software {[iCT 
Evaluation Program v6; Scanco Medical AG, Briittisellen, 
Switzerland) was used to assess cortical bone micro- 
structure of the ultradistal radius and tibia. The cortical 
compartment in the VOI was detected automatically by 
identifying the endosteal and periosteal contours. All 
void voxels within the cortical compartment were identi- 
fied, and the images were digitally superimposed, gene- 
rating a refined cortical compartment region in the VOI. 
The Haversian canals were distinguished from artefacts 
because of surface roughness, transcortical foramens, or 
erosions. With this method, cortical porosity (CtPo; %) 
and mean cortical pore diameter (CtPoDiam; (im) were 
obtained [22,23,25]. The CVs for porosity were 15.9% at 
the radius and 5.5% at the tibia, and the CVs for mean 
cortical pore diameter were 6.0% at the radius and 3.9% 
at the tibia. 

The healthy control group was assessed with the same 
type of XtremeCT at the Mayo Clinic in Rochester. A 
scan phantom for the vBMD measurements was sent 
from Gothenburg to Rochester for cross-calibration of 
the XtremeCT devices. Linear regression between the 
phantom measurements in Gothenburg and Rochester 
generated a formula 

{{X X 0.995) + 1.148) 

by which the values from Rochester were subsequently 
adjusted. The phantom was not designed for cross- 
calibration of microarchitectural parameters; hence those 
parameters could not be compared in the patients and 
controls. 

Quantitative computed tomography 

Lumbar volumetric BMD was measured in the vertebrae 
LI through L4 by using a QCT scanner (Siemens 



Somatom Sensation 16 with application Syngo Osteo 
CT; Siemens AG, Munich, Germany). Volumetric BMD 
(vBMD; mg/cm^) was assessed separately in the cortical 
and the trabecular bone in 10-mm-thick slices of each 
vertebra. All patients were scanned together with a 
water- and bone-equivalent calibration phantom placed 
below the patients along with an interpositioned gel pad 
to prevent artefacts and air gaps. The BMD results of 
the patients were compared with the reference popu- 
lation database of the CT scanner software, including 
135 male and 139 female European subjects, 20 through 
80 years of age. 

Dual-energy x-ray absorptiometry 

BMD was measured with DXA (Hologic Discovery A; 
Hologic Inc., Bedford, MA, USA) in the nondominant 
forearm (total radius, radius 1/3) and hip (total hip, femoral 
neck) and in the lumbar spine (in AP LI through L4 and 
lateral L2 through L4 projection) with estimation of lum- 
bar vBMD. 

Radiography 

Lateral radiographs of the spinal column were taken to 
study the presence of vertebral fractures in the thoracic and 
lumbar spine by using the Genant score, which scores ver- 
tebrae on visual inspection as normal, mildly, moderately, 
or severely deformed (grades 0 to 3) [27]. All vertebral frac- 
tures (Genant score, 1 through 3) were included in the 
calculations. The presence of chronic AS changes in the 
cervical and lumbar spine was assessed by using the modi- 
fied Stoke Ankylosing Spondylitis Spine Score (mSASSS) 
[28] .The score grades the anterior vertebral corners with 0 
through 3 points each (0, normal; 1, erosion, sclerosis, or 
squaring; 2, syndesmophyte; or 3, bridging syndesmophyte). 
The scoring scale ranges from 0 to 72. 

Statistical analysis 

Statistical analyses were performed by using PASW Statis- 
tics 18.0 (SPSS Inc., IBM, Chicago, IL, USA). Descriptive 
statistics are presented as median and range and/or mean 
and standard deviation (SD). The Mann- Whitney U test, 
t test, or the test was used to compare variables as 
appropriate. Correlations were calculated by using the 
Spearman correlation (rg). Logistic regressions with a for- 
ward conditional method were run with the presence of a 
syndesmophyte (yes/no) and vertebral fracture (yes/no) as 
the binary outcome. All tests were two-tailed, and P < 0.05 
was considered statistically significant. 

Results 

Patients 

In total, 69 male AS patients were included in the study. 
The characteristics of the patients are presented in 
Table 1. 
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Table 1 Characteristics of 69 male patients with 
ankylosing spondylitis in western Sweden 



n (%) Median (range) Mean ± SD 



Age, years 




48 (17, 78) 


49 


±15 


Years since symptom onset 




20 (2, 55) 


23 


± 14 


Present or past iritis 


37 (54) 








Present or past synovitis 


37 (54) 








Patients witli a vertebral fracture 


8(12) 








mSASSS 




8 (0, 72) 


19 


±21 


BASMI, score 




3.0 (1.0, 7.2) 


3.2 


±1.6 


BASDAI, score 




2.7 (0.2, 7.9) 


3.1 


±2.0 


ASDAS, score 




2.1 (1.0,4.4) 


2.3 


±0.9 


BAS-G 




2.2 (0, 9.8) 


3.0 


±2.7 


BASF!, score 




2.0 (0, 8.7) 


2.6 


±2.2 


ESR, mm/h 




10 (2, 73) 


14 


±12 


CRP, mg/L 




5 (3,71) 


9: 


h 12 


HLA-B27 positive 


65 (94) 








Patients tal<ing NSAID 


52 (75) 








Patients tal<ing glucocorticoid 


1 (1) 








Patients taking DMARD 


21 (30) 








Methotrexate 


13 (19) 








Sulfasalazine 


5 (7) 








TNF inhibitors 


15 (22) 









BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, BAS Functional 
Index; BASG1, BAS Patient Global score; BASMI, BAS Metrology Index; ESR, 
erythrocyte sedimentation rate; CRP, C-reactive protein; NSAID, nonsteroidal 
antiinflammatory drug; DMARD, disease-modifying antirheumatic drug; 
TNF, tumor necrosis factor; mSASSS, modified Stoke Ankylosing Spondylitis 
Spine Score. 

vBMD measured with HRpQCT in the AS patients 
compared with the healthy controls 

The AS patients had, in comparison with the controls, sig- 
nificantly lower vBMD in cortical bone of the ultradistal 
radius {P = 0.007) and in trabecular bone of the ultradistal 
tibia (P = 0.033) (Table 2). The AS patients also had lower 
weight and body mass index (BMI) than the controls, but 
the differences did not reach a level of significance. 
Weight and BMI were, however, not correlated with tra- 
becular or cortical vBMD in the ultradistal radius or tibia. 
(Correlation coefficients ranged from -0.082 to 0.100, and 
P values ranged from 0.245 to 0.853). 

Correlation between spinal vBMD measured with QCT 
and peripheral bone microarchitecture measured with 
HRpQCT 

Strong correlations were found between trabecular 
vBMD in the lumbar spine, ultradistal radius (rs = 0.762; 
P < 0.001) and tibia (rs = 0.712; P < 0.001), but the cor- 
tical vBMD of the spine and peripheral skeleton were 
not significantly correlated (Figure 1 and Table 3). Low- 
lumbar trabecular vBMD was also significantly correlated 



Table 2 Comparison of the demographics and HRpQCT 
parameters in the AS patients and healthy age-matched 
controls 







AS 
paiienib 


Healthy 
coniioib 


Significance 
P value 


Demograpliics 


Male % 


100 


100 






Age (years) 


49 ±14 


49 ±14 


0.993 




BMI kg/m^ 


26.6 ± 4.4 


27.8 ± 4.6 


0.117 




Height cm 


177 ±7 


179 ±7 


0.358 




Weight kg 


84 ±14 


89±16 


0.052 


HRpQCT radius 


DTrab mg/cm^ 


181 ±39 


187±39 


0.460 




DCort mg/cm^ 


850 ±55 


874 ± 42 


0.007 


HRpQCT tibia 


DTrab mg/cm^ 


187±35 


201 ±41 


0.033 




DCort mg/cm^ 


844 ± 53 


845 ± 44 


0.944 



The youngest AS patient was excluded from this analysis because of lack of a 
healthy control. Calculations on the tibia were made on 68 patients and controls 
and on radius of 61 patients and controls. The HRpQCT measurements of the 
radius from seven AS patients had to be excluded towing to motion artefacts. 
BMI, body mass index; DCort, vBMD of cortical peripheral bone; DTrab, vBMD of 
trabecular peripheral bone; HRpQCT, high-resolution peripheral quantitative 
computed tomography. 

with parameters indicating poor bone microarchitecture, 
such as thinner trabeculae, lower trabecular number, thin- 
ner cortex, lower cortical vBMD, and increased cortical 
porosity (Figure 2 and Table 3). The results thus indicated 
a link between trabecular bone loss in the axial and peri- 
pheral skeleton in AS. 

Trabecular and cortical vBMD were significantly cor- 
related in the ultradistal radius (rs = 0.466; P < 0.001) 
and tibia (rs = 0.308; P < 0.010), but the correlation did 
not reach the level of significance (rs = 0.230; P = 0.061) 
in the lumbar spine. 

Vertebral fractures In relation to bone mineral density 
and peripheral bone microarchitecture 

Vertebral fractures were diagnosed in eight (12%) pa- 
tients, the youngest patient being 31, and the oldest, 
71 years old. Twelve vertebral fractures with Genant 
score grade 1 and two with grade 2 were diagnosed in 
the study group. Age, disease duration, and mSASSS 
score were not significantly different between patients 
with or without a vertebral fracture. 

Each patient with a vertebral fracture was compared 
with two age-matched AS controls from the same cohort 
(Table 4). The patients with a vertebral fracture had sig- 
nificantly lower cortical lumbar vBMD measured with 
QCT compared with the age-matched nonfractured pa- 
tients. The following DXA parameters were also signifi- 
cantly lower in the patients with a vertebral fracture: AP 
and lateral lumbar HMD, lumbar vBMD, and HMD of 
the hip (femoral neck and total hip). 

No significant difference in BMD was found in the 
forearm measured by DXA between the groups. When 
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rs=0.712 
p<0.001 




100 150 200 250 300 

Trabecular vBMD in ultradistal tibia (mg/cm^) 
Figure 1 The correlations between trabecular volumetric BMD in the lumbar spine, ultradistal radius, and tibia. 



100 150 200 250 300 

Trabecular vBMD in ultradistal radius (mg/cm^) 



measured with HRpQCT, the patients with a vertebral 
fracture, however, displayed significantly lower trabecu- 
lar and cortical vBMD in the ultradistal radius and, in 
addition, lower trabecular thickness, cortical thickness, 
and cross-sectional area in both the ultradistal radius 
and tibia, thus indicating deteriorated peripheral bone 
microarchitecture in the fractured patients in compa- 
rison with the age-matched AS controls. The greatest 
differences between the fractured and nonfractured 
patients were found in cortical thickness and cortical 
cross-sectional area (Table 4). 

Multiple logistic regression was run with vertebral 
fracture as binary outcome. In the first model, in which 
age, mSASSS, and trabecular and cortical lumbar vBMD 
were entered as covariates, decreasing cortical lumbar 
vBMD (B = -0.023; P = 0.015; OR, 0.977; 95% CI, 0.959 
to 0.996), and increasing mSASSS (B = 0.042; P = 0.049; 
OR, 1.04; 95% CI, 1.0003 to 1.087) were independently 
associated with the presence of a vertebral fracture. 

In the second model, in which the HRpQCT parame- 
ters were directly measured and not derived (DTrab, 
DCort, TbN, CortCSA, and CortPm) were additionally 
entered, only decreasing cortical cross-sectional area of 
the tibia (B = -0.063; P= 0.008; OR, 0.939; 95% CI, 0.897 
to 0.984) remained significantly associated with the pres- 
ence of a vertebral fracture. 

Syndesmophyte formation in relation to spinal vBMD 
measured with QCT and peripheral bone 
microarchitecture 

Increasing mSASSS correlated significantly with increa- 
sing age (rs = 0.546; P < 0.001) and decreasing trabecular 
vBMD in the lumbar spine (rs = -0.620; P< 0.001). In 
addition, mSASSS correlated with increasing cortical po- 
rosity and decreasing trabecular thickness and vBMD of 
trabecular and cortical bone in the periphery (Table 3). 



In 39 patients, radiographs of the cervical and lumbar 
spines revealed at least one syndesmophyte or bridging 
syndesmophyte, whereas nine patients had a disease 
restricted to the sacroiliac joints (mSASSS = 0), and 21 
patients had only the presence of erosions, sclerosis, or 
squaring at the vertebral corners. 

The patients with at least one syndesmophyte had, 
in comparison with patients without syndesmophytes, 
significantly older age (54 ± 12 versus 42 ± 15 years; 
P = 0.001), thinner trabeculae in the ultradistal radius 
(0.071 ±0.016 versus 0.085 ±0.014, P< 0.001) and tibia 
(0.072 ± 0.013 versus 0.081 ± 0.008; P = 0.001) and lower 
trabecular vBMD in the lumbar spine (100 ±36 versus 
146 ±33; P< 0.001), ultradistal radius (171 ±42 versus 
196 ±29; P = 0.013) and tibia (175 ± 37 versus 205 ± 27; 
P< 0.001). 

In a multiple logistic regression model with the presence 
of at least one syndesmophyte as the binary outcome and 
adjusting for age, decreasing lumbar trabecular vBMD 
(B = -0.058; P < 0.001; OR = 0.943; 95% CI, 0.917 to 0.970), 
but increasing lumbar cortical vBMD (B = 0.019; P = 
0.016; OR, 1.019; 95% CI, 1.004 to 1.035) remained in- 
dependently associated with syndesmophyte formation. 
None of the HRpQCT parameters was significantly asso- 
ciated with presence of syndesmophytes after adjusting for 
age in logistic regression. Covariates in the regression 
model were age, trabecular and cortical lumbar vBMD, 
and the HRpQCT parameters, which were directly mea- 
sured and not derived (DTrab, DCort, TbN, CortCSA, 
and CortPm). 

Comparisons of BMD measured with QCT and with DXA 
in AP and lateral projections in the lumbar spine 

QCT revealed significantly more cases with T score <2.5 
SD {n = 26; 38%) and T score <1.0 SD {n = 21; 30%) than 
AP DXA, showing considerably less osteoporosis (n = 4; 



Table 3 The correlation (Spearman rho) between the HRpQCT parameters, age, lumbar QCT, and mSASSS in the AS patients 



HRpQCT radius 


DTrab (mg/cm^) 


BV/TV (%) 


Tbth (nm) 


TbN (per mm) 


TbSp (pm) 


DCort (mg/cm^) 


CortTh (|jm) 


CtPo (%) 


CtPoDiam (|jm) 


Age 


-0.471 


-0.473 


-0.507 


-0.040 


0.166 


-0.337 


-0.228 


0.540 


0.055 




P< 0.001 


P< 0.001 


P< 0.001 


P = 0.755 


P = 0.198 


P = 0.007 


P = 0.075 


P < 0.001 


P = 0.663 


Lumb QCT 


0.762 


0.763 


0.737 


0.106 


-0.304 


0.425 


0.420 


-0.480 


- 0.136 


Trab vBMD 


P< 0.001 


P< 0.001 


P< 0.001 


P = 42] 


P = 0.018 


P = 0.001 


P = 0.001 


P < 0.001 


P = 0.290 


Lumb QCT 


0.296 


0.298 


0.152 


0.296 


- 0.341 


0.123 


0.152 


0.032 


0.006 


Cort vBMD 


P = 0.021 


P = 0.021 


P = 0.246 


P = 0.022 


P = 0.008 


P = 0.348 


P = 247 


P = 0.805 


P = 0.961 


Msasss 


n Ann 
- u.^uu 


n Ann 


- U.JZO 


n 077 

u.u/ / 


n n^Q 


n 1 Qi 

- U. 1 yZ 


n 1 

- U. 1 yO 


U.J jz 


n oil 




P = 0.001 


P = 0.001 


P< 0.001 


P = 0.552 


P = 0.761 


P = 0.135 


P = 0.128 


P = 0.004 


P = 0.861 


HRpQCT tibia 


DTrab 


BV/TV 


Tbth 


TbN 


TbSp 


DCort 


CortTh 


CtPo 


CtPoDiam 




(mg/cm^) 


(%) 


(Mm) 


(mm"^) 


(Mm) 


(mg/cm^) 


(Mm) 


(%) 


(Mm) 


Age 


- 0.470 


- 0.471 


- 0.479 


-0.185 


0.246 


- 0.436 


- 0.202 


0.521 


0.210 




P< 0.001 


P< 0.001 


P< 0.001 


P = 0.127 


P = 0.042 


P< 0.001 


P = 0.096 


P < 0.001 


0.084 


Lumb QCT 


0.712 


0.714 


0.523 


0.363 


- 0.443 


0.454 


0.403 


- 0.496 


- 0.437 


Trab vBMD 


P< 0.001 


P< 0.001 


P< 0.001 


P = 0.003 


P < 0.001 


P< 0.001 


P = 0.001 


P < 0.001 


P< 0.001 


Lumb QCT 


0.336 


0.336 


0.027 


0.356 


- 0.367 


0.135 


0.151 


- 0.102 


- 0.162 


Cort vBMD 


P = 0.005 


P = 0.005 


P = 0.827 


P = 0.003 


P = 0.002 


P = 0.276 


P = 0.223 


P = 0.410 


P = 0.191 


mSASSS 


- 0.475 


- 0.475 


- 0.488 


-0.105 


0.176 


- 0.315 


-0.161 


0.363 


0.169 




P< 0.001 


P< 0.001 


P< 0.001 


P = 0.392 


P = 0.148 


P = 0.008 


P = 0.186 


P = 0.002 


P = 0.169 



EV/jy, trabecular bone volume fraction; Cort, cortical; DCort, vBMD of cortical peripheral bone; DTrab, vBMD of trabecular peripheral bone; CortTh, cortical thickness peripheral bone; CtPo, cortical porosity; CtPoDiam, 
mean cortical pore diameter; HRpQCT, high-resolution peripheral quantitative computed tomography; Lumb, lumbar; TbN, trabecular number peripheral bone; TbSp, trabecular separation peripheral bone; Tbth,trabecular 
thickness peripheral bone; Trab, trabecular; vBMD, volumetric bone mineral density; QCT, quantitative computed tomography. 
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Figure 2 HRpQCT images of ultradistal radius and tibia. (A) 3D representation of ultradistal tibia. AS patient witli normal BMD. (B) 3D 
representation of ultradistal radius. AS patient with osteoporosis. (C) 2D representation of ultradistal tibia. AS patient with normal BMD. (D) 2D 
representation of ultradistal tibia. AS patients with lumbar osteoporosis. Note the low trabecular number and thickness, high trabecular 
separation, and low cortical thickness. 

V J 



6%) and osteopenia {n = 13; 19%; P< 0.001). No refe- 
rence database values were available for lateral lumbar 
DXA and DXA vBMD lumbar spine. 

The patients with at least one syndesmophyte had sig- 
nificantly reduced Z scores of lumbar vBMD measured 
with QCT (mean Z score, -0.624 ± 1.186; P = 0.003), 
whereas AP lumbar DXA showed no significant reduc- 
tion of the Z scores of lumbar BMD in patients with or 
without syndesmophytes, thus indicating that the QCT 
results were less affected by syndesmophyte formation 
than was the AP lumbar DXA. 

Correlation analyses between lumbar QCT and lumbar 
DXA demonstrated that QCT trabecular vBMD had 
the strongest correlation with DXA vBMD (rs = 0.636; 
P < 0.001) followed by lateral BMD (rs = 0.537; P < 0.001) 
and AP BMD (rs = 0.380; P = 0.002). QCT cortical vBMD 
correlated with DXA in the following way: lateral BMD 
(rs = 0.595; P< 0.001), AP BMD (rs = 0.541; P = 0.002) 
and vBMD (rs = 0.431; P < 0.001). 

Discussion 

In the present study, we used new imaging techniques, 
peripheral HRpQCT and lumbar QCT, to investigate the 
relation between osteoporosis, osteoproliferation, and 



fractures in the spine and morphology and bone density 
in the peripheral skeleton. 

When measured with HRpQCT, the patients with AS 
had lower vBMD in the peripheral skeleton than did 
healthy controls; the AS patients had significantly lower 
vBMD in the cortical bone of the radius and the trabecu- 
lar bone of the tibia. The controls were slightly heavier 
than the AS patients, but it seems unlikely that this would 
explain the difference, because vBMD in ultradistal radius 
and tibia were not correlated with weight or BMI. 

The HRpQCT measurements of the radius from seven 
patients had to be excluded for motion artefacts. Abso- 
lute immobilization of the limb is required during the 
procedure, but in a few patients, an optimal positioning 
was difficult to obtain, because of stiffness of the spine 
or joints. 

It was previously argued that osteoporosis in AS affects 
mainly the axial skeleton [12,29,30]. The current study 
indicates, nevertheless, that axial and peripheral trabecular 
bone loss are connected in AS. Spinal and peripheral 
trabecular vBMD were strongly correlated. Decreasing 
lumbar vBMD measured with QCT was, in addition, asso- 
ciated with deteriorated peripheral bone microarchi- 
tecture, such as thinner trabeculae, higher trabecular 
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Table 4 BMD and microarchitectural parameters in AS patients with a vertebral fracture compared with age-matched 
AS patients without a vertebral fracture 







Pritipnt^ without vprtphifril 

fracture (mean ± SD) 
n = ^6 


PAtipnt^ with A vprtphrpil 

rCILIwllLO VVILII CI V^IL^Ii^lCII 

fracture (mean ± SD) 
n = 8 


1 1 1 wl wl l\«w /U 


P value 




Age (years) 


55.9 ± 12.4 


55.6 ± 12.8 


-0.01 


0.955 


QCT lumbar spine 


Trab vBMD (mg/cm^) 


11 7.1 7 ±34.35 


92.09 ± 40.94 


-21.4 


0.128 




Cort vBMD (mg/cm^) 


366.11 ±81.62 


285.45 ± 52.77 


-22.0 


0.019 


DXA BMD 


AP lumbar (g/cm^) 


1.10±0.11 


0.98 ±0.1 3 


-10.9 


0.018 




Lat lumbar (g/cm^) 


0.80 ±0.11 


0.68 ±0.10 


-15.0 


0.021 




Lumb vBMD (g/cm^) 


0.20 ± 0.03 


0.1 7 ±0.03 


-15.0 


0.048 




Femoral neck (g/cm^) 


0.80 ±0.11 


0.66 ±0.1 2 


-17.5 


0.009 




Total hip (g/cm^) 


1.00 ±0.10 


0.83 ±0.1 3 


-17.0 


0.002 




Radius 1/3 (g/cm^) 


0.79 ± 0.05 


0.78 ± 0.08 


-1.3 


0.672 




Total radius (g/cm^) 


0.66 ± 0.05 


0.62 ± 0.07 


-6.1 


0.188 


HRpQCT 


DTrab (mg/cm^) 


195.42 ±40.31 


147.20 ±27.10 


-24.7 


0.010 


Radius 














BV^ (%) 


16.3 ±3.4 


12.3 ±2.3 


-25.0 


0.010 




Tbth (Mm) 


83.1 ±19.9 


65.1 ±7.9 


-12.5 


0.034 




TbN (per mm) 


1 .98 ± 0.26 


1 .88 ± 0.23 


-5.1 


0.388 




TbSp (|jm) 


430.0 ±66.1 


473.1 ±64.7 


+9.3 


0.169 




DCort (mg/cm^) 


862.81 ± 38.45 


81 0.70 ±68.01 


-6.0 


0.032 




CortTh (|jm) 


901 ±163 


637 ±181 


-28.9 


0.003 




CortCSA (mm^) 


76.81 ±11.63 


55.11 ± 14.17 


-28.3 


0.001 




CtPo (%) 


2.65 ± 0.97 


2.39 ± 1.07 


-9.8 


0.548 




CtPoDiam (|jm) 


172± 18 


165± 15 


-4.1 


0.548 


HRpQCT 


DTrab (mg/cm^) 


189.52 ±25.76 


155.59 ±39.46 


-17.9 


0.052 


Tibia 














BV^ (%) 


15.8 ±2.1 


13.0 ±3.3 


-18.8 


0.050 




Tbth (jjm) 


78.6 ± 9.4 


68.4 ± 9.4 


-12.5 


0.020 




TbN (per mm) 


2.01 ±0.18 


1 .88 ± 0.26 


-6.4 


0.149 




TbSp (pm) 


42 1.9 ±44.8 


474.6 ±89.1 


+14.3 


0.150 




DCort (mg/cm^) 


848.24 ±51.18 


81 0.1 9 ±83.08 


-4.5 


0.263 




CortTh (|jm) 


1,303 ±297 


946 ± 352 


-26.9 


0.016 




CortCSA (mm^) 


15 1.94 ±26.71 


11 5.50 ±38.91 


-24.0 


0.013 




Ct Po (%) 


7.27 ± 2.94 


7.54 ±3.27 


+3.7 


0.881 




CtPoDiam (|jm) 


189±16 


194± 17 


+2.6 


0.417 



Difference (%), mean of fractured - mean of nonfractured/mean of nonfractured; BMD, bone mineral density; BV/TV, trabecular bone volume fraction; Cort, cortical; 
DCort, vBMD of cortical peripheral bone; DTrab, vBMD of trabecular peripheral bone; DXA, dual-energy x-ray absorptiometry; CortCSA, cortical cross-sectional area 
peripheral bone; CortTh,cortical thickness peripheral bone, CtPo = cortical porosity; CtPoDiam, mean cortical pore diameter; HRpQCT, high-resolution peripheral 
quantitative computed tomography; TbN, trabecular number peripheral bone; TbSp, trabecular separation peripheral bone; Tbth, trabecular thickness peripheral bone; 
Trab, trabecular; vBMD, volumetric BMD; QCT, quantitative computed tomography. 



separation, and reduced cortical thickness. This may 
explain the increased frequency of hip and peripheral 
fractures observed in an earlier study on Swedish AS 
patients [5]. 

A plausible reason for the coupling of trabecular bone 
loss in the axial and peripheral skeleton is that general 
inflammation in AS with systemic elevation of cytokines, 



such as TNF-a, IL-1, and IL-6, affects osteoclasts and 
osteoblasts in all bone tissue. Trabecular bone loss in 
the vertebral bodies may, in addition, be enhanced by 
local inflammation and alterations of loading due to syn- 
desmophytes and ankylosis. 

In 1997, a study on 14 men with AS showed that can- 
cellous bone volume from iliac crest biopsies correlated 
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well with lumbar spine BMD measured with QCT, but 
not with DXA. The trabecular thickness in the biopsies of 
the AS patients was found to be lower than the reference 
values reported in the literature [31]. In contrast, another 
study reported no correlation between vBMD measured 
in the forearm with peripheral QCT (pQCT) and QCT 
values of the lumbar spine, and pQCT revealed only a few 
cases of osteopenia and osteoporosis. However, the pa- 
tients were younger than in the present study (mean, 
40 versus 49 years), and both sexes were included [7]. 
HRpQCT and pQCT assess different aspects of bone 
quality, which may also explain the discrepancy between 
the studies; HRpQCT measures predominantly trabecular 
bone in greater detail and in a more distal part of the 
radius and tibia, whereas pQCT gives a better evaluation 
of cortical bone. 

Trabecular number was not associated with lumbar 
vBMD or age in the present study. Similarly, studies on 
age-related changes in the general population have shown 
decreased trabecular thickness, but preserved trabecular 
number in men, in contrast to loss of trabecular number 
and increased trabecular separation in women [32,33]. 

The current study also shows that AS patients with ver- 
tebral fractures have worse bone microarchitecture and 
lower vBMD in both the axial and peripheral skeleton 
than do age-matched AS controls. In this aspect, the situ- 
ation in AS seems comparable to that in postmenopausal 
women and men aged older than 50 years, where vertebral 
fractures also have been shown to be associated with poor 
peripheral bone microarchitecture [34-36]. We identified 
cortical thinning and low cross-sectional area in the 
peripheral skeleton as factors strongly associated with ver- 
tebral fractures. Interestingly, another study on 920 men 
from the general population aged older than 50 also indi- 
cated that low cortical thickness and low cortical density 
in both the ultradistal radius and tibia were associated 
with vertebral fractures [34] . 

We found that the presence of syndesmophytes was 
associated with lower trabecular vBMD but increasing 
cortical vBMD in the lumbar spine. The increasing cor- 
tical vBMD was presumably reflecting pathologic new- 
bone formation in the cortex of the vertebral bodies. 
Our findings are supported by an earlier study also 
reporting decreasing trabecular but increasing cortical 
vBMD in the lumbar spine measured with QCT in AS 
patients in advancing stages of ankylosis [37]. The 
pathologic new-bone formation in the spine was, how- 
ever, not coupled with any signs of hyperostosis in the 
peripheral microarchitecture. In contrast, it was asso- 
ciated with lower peripheral trabecular density and thin- 
ner trabeculae. The findings support the concept of 
osteoproliferation as being a local anabolic bone re- 
sponse to inflammation, mechanical stress, or micro- 
damage, but not a systemic process in AS. 



In the present study, lateral lumbar BMD and estimated 
vBMD by DXA correlated well with QCT measures of 
both cortical and trabecular BMD. QCT was more sensi- 
tive than AP DXA in revealing reduced BMD in the lum- 
bar spine. We recently published data showing that lateral 
DXA scanning with estimation of vBMD in comparison 
with AP DXA is more sensitive in detecting reduced 
BMD, less affected by the pathologic new-bone formation 
in the spine, and better associated with vertebral fractures 
[13]. QCT has hitherto been considered to be the pre- 
ferred method for measuring lumbar BMD in AS, but 
radiation doses and availability are, however, problems of 
QCT. We propose that lateral lumbar DXA with estima- 
tion of vBMD may be a valuable alternative for the assess- 
ment of lumbar BMD in AS. 

The lack of a Swedish control group for the HRpQCT 
measurements is a limitation of the study. The healthy 
controls were, however, matched for age, height, weight, 
and BMI, and Olmsted county in Minnesota has a high 
proportion of inhabitants of Scandinavian descent. Other 
limitations are the relatively small reference population 
for lumbar QCT and the absence of a reference-popula- 
tion database for men regarding lateral lumbar DXA. 

Conclusions 

The HRpQCT measurements revealed lower vBMD in 
the ultradistal radius and tibia in the AS patients com- 
pared with the healthy controls. Low-lumbar vBMD, ver- 
tebral fractures, and chronic AS -related changes in the 
spine were associated with lower vBMD and worse bone 
microarchitecture in the peripheral skeleton. The results 
indicate that osteoporosis in AS is a general process affec- 
ting both the central and the peripheral skeleton, whereas 
pathologic new-bone formation is localized. 
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